The effect of beta-blockers on perioperative mortality in Background: non-cardiac surgery has been controversial due to concerns regarding the scientific integrity of the DECREASE-I and DECREASE-IV trials. Previous meta-analyses indicated beta-blockade might increase mortality after removing the DECREASE trials from the evidence base.
Introduction
The effect of beta-blockers on perioperative mortality in noncardiac surgery has been controversial 1 due to concerns regarding the scientific integrity in two related clinical trials 2-6 . Three metaanalyses that included the trials subject to concerns concluded that beta-blockers decrease perioperative mortality 7-9 , whereas a meta-analysis that excluded the suspect trials concluded that beta-blockers increase perioperative mortality 9 . In these studies, perioperative mortality was defined as the death rate of patients in the perioperative setting, including the period of admission, anaesthesia with surgery, and postoperative recovery.
The trials subject to concerns regarding scientific integrity were the Dutch DECREASE-I and DECREASE-IV trials 4-6 . The committees that investigated the integrity of the DECREASE trials reported that data manipulation was likely, but that the extent of the data manipulation remained unclear 4-6 . Moreover, the latest guidelines still recommend the usage of beta-blockers in the perioperative period in certain cases 10, 11 , where some of these guidelines are based on other work by the PI of the DECREASE trials. Considering the potential harmful consequences of guidelines based on work by someone who has been repeatedly investigated for breaching scientific integrity, we aim to estimate the extent of data manipulation in the DECREASE studies 2-6 to further stimulate the debate on using beta-blockers in the perioperative period for patients undergoing non-cardiac surgery.
The reports on the integrity of the DECREASE trials primarily focused on the provenance of the raw data but did not investigate the extent to which the DECREASE trials deviated from comparable trials. Provenance is primarily concerned with the origins of the data, verifying things such as (but not limited to) the informed consent and whether data correspond to patient files. However, the committee reports did not neglect statistical evaluation; according to the report a statistical expert assessed the applicability of forensic statistical methods 6 to evaluate results of trials separately (i.e., DECREASE-I, DECREASE-IV), although the report lacks details as to how this evaluation took place. The expert concluded that the methods previously applied by him were not applicable for use in this case. Nonetheless, in the present study we compare across trials, which is a method that has previously been used to monitor trial data quality or to test for potential data anomalies 12, 13 . Moreover, comparing across trials instead of evaluating them separately has previously proven to be effective in detecting data manipulation 14 . Comparing the DECREASE trials to other published trials studying the effectiveness of beta-blockers with respect to perioperative mortality could prove informative of the potential extent of the manipulation in the DECREASE trials.
The effectiveness of perioperative beta-blockade is obfuscated by the afflicted DECREASE trials, potentially interacting with the type of beta-blocker and the way that beta-blockers were administered (i.e., dose and duration of treatment). In the randomized trials on beta-blockers, patients were administered various types of beta-blockers (e.g., metroprolol, bisoprolol, atenolol) and in various ways (e.g., intravenously, orally; half an hour before surgery or multiple days before surgery; with or without titration based on heart rate). Factors such as dosage and duration can have an effect on the pharmacological effectiveness with respect to perioperative mortality. Moreover, the highly discrepant results from the DECREASE trials 9 might partly be caused by such differences 15 and not purely due to data manipulation (given that not all data points can be considered manipulated at this point).
To statistically investigate the evidence for data manipulation in the DECREASE studies 2,3 , we took three steps. First, we reproduced the findings from the 2014 meta-analysis by Bouri et al. 9 , which contained sufficient information to estimate the deviation of the DECREASE trials from other published trials on betablockers. We also included type of beta-blocker to inspect whether this is predictive of the effect of beta-blockers on perioperative mortality. Second, we evaluated the probability that the DECREASE trials (or more extreme effects) arose from the same effect distribution as the non-DECREASE trials, which are assumed to be the true effect of beta-blockers on perioperative mortality in patients undergoing non-cardiac surgery. Third, we estimated how many data points would have to be manipulated in order to reproduce the results of the DECREASE trials if the initial, non-manipulated results arose from the effect estimates as obtained from the non-DECREASE trials. Considering the committees investigating the scientific integrity of the DECREASE trials were unable to assess this, we consider it worthwhile to investigate this further.
Step 1: Reproducing meta-analysis of Bouri et al. (2014) Methods
To ensure that we used similar analysis procedures as in the 2014 meta-analysis 9 , we initially reproduced Bouri et al.'s estimates. This ensured that (1) their results are reproducible and (2) we are using the correct estimates in subsequent steps of our analyses. Using Figure 2 and Figure 3 from the original paper 9 , we extracted the raw event data for the 2 (control vs experimental) by 2 (event vs no event) design, which we used to recompute the natural logarithm of the risk ratio and its standard error. The extracted event data is available at osf.io/aykeh and our analysis plan was preregistered at osf.io/vnmzc.
We computed the log risk ratio (i.e., log RR) for each study and pooled these using v2.0.0 of the R package metafor 16 . We estimated a weighted random-effects model using the restricted maximum-likelihood estimator (i.e., REML) 17 to estimate the variance of effects. We used the default weighting procedure in the metafor package. We added 0.5 to each cell count, as is common in meta-analyses on risk-and odds ratios in order to prevent computational artefacts 18 . The 2014 meta-analysis 9 did not specify the variance estimate used; hence, (minor) discrepancies between our estimates and the original estimates could be due to differences in the estimation procedure.
Results
We were able to closely reproduce the estimates for the different sets of studies ( Figure 2 of the 2014 meta-analysis 9 ). Bouri et al. differentiated between the estimates from the non-DECREASE trials (k = 9) and the DECREASE trials (k = 2). We confirmed the effect size estimates and the variance estimates for both the non-DECREASE and the DECREASE trials, except for some discrepancies at the second decimal level for the estimated effect sizes and a somewhat larger difference between the variance estimates of the DECREASE studies. Table 1 depicts the original and reproduced values for both sets of studies.
Second, we meta-analyzed all studies combined, including a dummy predictor for the DECREASE and non-DECREASE studies to reproduce results presented in Figure 4 of the 2014 meta-analysis 9 . Our results showed a bit more evidence against equal subgroups than the original meta-analysis 9 (original: χ 2 (1) = 3.91, p = .05; reproduced: χ 2 (1) = 6.12, p = 0.013). Additionally, the original analyses showed substantial residual heterogeneity (I 2 = 74.4%), whereas we found no residual heterogeneity (I 2 = 0%). Different variance estimates (e.g., DerSimonian-Laird instead of REML) did not resolve this difference. We tried to clarify these discrepancies by e-mailing the original authors (including a reminder after several weeks), but did not receive a response. Nonetheless, the broad strokes of the meta-regression confirmed that the DECREASE trials were the determining predictor for the effectiveness of beta-blockers (including DECREASE: RR = 0.509; excluding DECREASE: RR = 1.275).
Additionally, and exploratively, we evaluated the predictive effect of the type of beta-blocker used in the trials. Descriptively, the DECREASE trials remained predictive of decreased mortality (RR = 0.509), whereas the non-DECREASE trials provide tentative evidence that atenolol results in lower mortality (RR = 0.777). Nonetheless, for other beta-blockers in the non-DECREASE trials, there is descriptive evidence that beta-blockers could increase mortality (bisoprolol: RR = 2.973; metoprolol: RR = 1.303; propranolol: RR = 1.7). Table 2 shows the meta-regression results in full. We do note that the DECREASE studies only use bisoprolol and any estimates for other beta-blockers are extrapolations.
Step 2: Evaluating the veracity of DECREASE studies
Based on the effect estimates for the non-DECREASE trials from Step 1, we estimated the probability that the observed effects from the DECREASE studies (or more extreme) occurred naturally. We assumed that the non-DECREASE studies estimated the true effect distribution of perioperative betablockade on mortality, not perturbed by publication bias due to statistical (non)significance. Publication bias was assumed to not be a problem because a substantial number of nonsignificant effects are included in the dataset (9 of 11 results are nonsignificant). Based on this effect distribution, we estimated the veracity of the DECREASE trials separately, which is the estimated probability of the observed data (or more extreme) under a given true effect 19 .
Method
Based on the estimated effect distribution from the non-DECREASE trials, we calculated the probability of each DECREASE trial result, or a more extreme result. In other words, we computed the two-tailed p-value for the null hypothesis that the DECREASE trials arose from the same effect distribution as the non-DECREASE trials (H 0 : 1 2 x x µ − = 0). To this end, we applied a Welch t-test 20 . As means, we used the observed log RR for the DECREASE trials (i.e., DECREASE-I: -1.44; DECREASE-IV: -0.452) and the meta-analyzed log RR for the non-DECREASE trials (i.e., 0.243). As standard deviations, we used the standard error for the DECREASE trials (i.e., DECREASE-I: 0.061; DECREASE-IV: 0.018) and the standard error of the estimated log RR for the non-DECREASE trials (i.e., 0.002). We initially preregistered that the DECREASE trials would be regarded as fixed in the computation of the veracity, which was erroneous because these also have their own standard error; hence, we applied the Welch test to take into account the uncertainty in the estimates of both the DECREASE and non-DECREASE trials.
Results
Results indicate that the DECREASE trials are highly unlikely under the estimated effect distribution from the non-DECREASE trials. More specifically, the results from DECREASE-I (or more extreme) have a probability of approximately 1 in 10 000 (t(8) = -6.75, p = 0.000145) and the results from DECREASE-IV (or more extreme) have a probability of approximately 1 in 1000 (t(8) = -4.996, p = 0.0010587). This indicates that the DECREASE trial results are unlikely to have come from the same population effect distribution as the non-DECREASE trials. Moreover, observing two of such extremely unlikely results jointly, as in the DECREASE trials, would occur in only 2 out of 10 million sets of two trials (i.e., 0.0000002) according to this model. Hence, this result indicates that the DECREASE trials are severely different from the non-DECREASE trials.
Results from
Step 1 indicated that no between-trial variance (i.e., homogeneity; τ 2 = 0) of the effects was observed; given the small number of trials included (i.e., 9), however, this estimate is highly uncertain. The total N across the non-DECREASE trials was 10529. We conducted sensitivity analyses to see how dependent results are on the heterogeneity estimate (not preregistered; osf.io/vnmzc). Fixing the variance estimate τ 2 to .5, indicates that the probability of observing the DECREASE trials jointly is approximately 1.2 out of 100 000 (see Figure 1 ). To put these numbers into context, a variance of 0.25 would suggest that results of perioperative beta-blockade vary substantially due to contextual circumstances of the study, even if perioperative beta-blockade has no effect whatsoever (RRs between 0.779 and 1.284 in ~64% of the cases).
Step 3: Estimating the amount of manipulated data
We estimated the number of data points that would need to be manipulated to arrive at the estimates from the DECREASE trials, given that the non-DECREASE trials represent the true effect of perioperative beta-blockade. In contrast to Step 2, which assumes no data manipulation occurred and that the DECREASE trials occurred naturally from the same effect distribution as the non-DECREASE trials, Step 3 assumes that the DECREASE trials might in fact contain manipulated data. The estimates from Step 3 provide an indication of the extent of potential data manipulation in the DECREASE studies 4-6,9 .
Method
In order to estimate the number of manipulated data points, we first estimated the probability of perioperative mortality (in log odds) in each trial arm for each trail stratum. As such, we estimate mortality odds four times: once per condition (beta-blocker or control) per trial stratum (DECREASE-and non-DECREASE trials). For all four combinations of condition and trial type, we ran a metaanalysis applying similar methods used in Step 1, resulting in four meta-analytic absolute mortality estimates with corresponding effect variances. Throughout the simulations, we used the point estimates (i.e., fixed effect) to simulate genuine and manipulated data, but supplemented this by using distribution estimates (i.e., random effects) as sensitivity analyses.
We applied the inversion method to estimate the number of manipulated data points in the DECREASE trials 21 . We assumed that if data are manipulated, each data point is manipulated in the same way and to the same extent. The inversion method iteratively hypothesizes that X out of N data points were manipulated (i.e., X = 0,1,..., N), assuming they were manipulated in the same way. For each combination of X and trial, we simulated 10000 datasets. Each simulated dataset contained X manipulated data points and N-X genuine data points. For each simulated dataset (exact simulation procedure in the next paragraph), we determined the likelihood of the results with
where π E indicates the mortality rate in the beta-blocker condition as drawn from the meta-analytic effect distribution (π C indicates the mortality rate in the control condition). We estimated those parameters using the meta-analytic procedure described in the previous paragraph, resulting in the estimates depicted in Table 3 . The likelihood was computed under both the manipulated effect estimates (i.e., L manipulated ) and the genuine data (i.e., L genuine ). Table 4 indicates which cell sizes the various n XX refer to within the (simulated) data. After computing the likelihoods, we compared them to determine whether the simulated data were more likely to arise from the genuine trials (L genuine > L manipulated ) or from the manipulated trials (L manipulated > L genuine ). Note that comparing the likelihoods is a minor deviation from the preregistration, where we initially planned on using p-value comparisons (osf.io/vnmzc).
For each hypothesis of X out of N manipulated data points, we computed the probability that the manipulated data are more likely than the genuine data (p M = P(L manipulated > L genuine )). Based on p M , we computed the confidence interval for the estimated X manipulated data points (i.e., X LB ; X UB ). For a 95% confidence interval, the lower bound is equal to the p M closest to .025, whereas the upperbound is equal to the p M closest to .975. 
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Beta-blockers n 11 n 12
Control n 21 n 22 We computed p M for all X out of N manipulated data points in 10000 randomly generated datasets, which were generated in three steps. For each dataset we:
1. Sampled (across conditions, without replacement) X fictitious participants that would be the result of data manipulation.
2. Determined the population mortality rate for each condition (i.e., for each cell based on the estimates from Table 3 ). The meta-analytic point estimate was used or a population effect was randomly drawn from the meta-analytic effect distribution.
3. Simulated the number of deaths for the different conditions using a binomial distribution based on the mortality rate as determined in 2, resulting in the cell counts as in Table 4 .
Based on the meta-analytic effect from 2 and the cell sizes from 3, we computed the likelihoods L manipulated and L genuine using Equation 1. As mentioned before, we computed p M , which indicates the probability that the data are more likely under the estimates resulting from the (allegedly) manipulated data (i.e., the DECREASE trials) than under the estimates resulting from the genuine data (i.e., the non-DECREASE trials; p M = P(L manipulated > L genuine )).
Results
For .025), it becomes apparent that the degree of uncertainty is too high to make any reasonable estimates about the number of manipulated data points with sufficient confidence. This is partly due to the small sample size of the DECREASE-I trial (i.e., N = 112) and the availability of just the summary results. Only when the degree of confidence is lowered to around 75% does the interval not span the entire sample size. As such, based on the summary results, little can be said about the extent of the data manipulation that occurred in the DECREASE-I trial, affirming the conclusions of the original committee report 6 .
For DECREASE-IV (N = 1066), the 95% confidence interval for the estimated number of manipulated data points is [3 -1066] or [10 -1066] when based on a point estimate or a more uncertain distribution estimate, respectively. The relatively minor difference between the estimates indicates that there is a high degree of confidence that data manipulation did occur based on the difference of the trial results alone. Nonetheless, the range of potentially manipulated data points is still estimated at approximately 1000; this indicates that the summary results are insufficient to provide more than an estimated lower bound. This indicates that it is possible not all data were manipulated (i.e., N = 1066), but at least some were, increasing the importance of well-documented data provenance to discern between genuine and falsified data.
Discussion
The effect of beta-blockade on perioperative mortality was already unclear based on the investigations regarding scientific integrity; our results strongly affirm that the empirical evidence from the DECREASE trials is highly discrepant from other trials supposedly studying the same effect (i.e., the effectiveness of beta-blockers in decreasing perioperative mortality). Our results indicate that the results from the DECREASE trials are nearly impossible to have arisen from the same effect inspected by the non-DECREASE trials, except when we assume at least some of the data were manipulated. As such, the scientific validity of the DECREASE-I and DECREASE-IV trials should be regarded as highly problematic and untrustworthy when assessing the effectiveness of beta-blockade on perioperative mortality if they truly investigate the same effects as the non-DECREASE trials, as is often assumed 9 . Nonetheless, the original papers that presented these trial results are not yet retracted 2,3 , despite the integrity reports 4-6 .
Our approach to estimating the number of manipulated data points has one major limitation that we would like to highlight: multiplicity. For each estimated proportion of manipulated data points, there is another smaller (or larger) proportion with more (or less) extremely manipulated data points. This problem is similar to how various samples can give rise to the same mean, but contain vastly different individual scores within them (e.g., -2.5 and +2.5 versus -100 and +100; both give the mean zero). Nonetheless, this limitation does still allow us to estimate whether any data manipulation occurred because there is no multiplicity in not manipulating data.
The ESC/ESA and ACC/AHA guidelines 11,22 on perioperative beta-blockade already excluded the DECREASE trials in their assessment, but also explicitly state that other trials by Poldermans are excluded. However, upon close inspection of the reference lists, the ACC/AHA guidelines still cites four trials including Poldermans as author as evidence for the guidelines 2,23-25 , of which two were already inspected by the scientific integrity committees of Erasmus MC 2,23 . In the ACC/ AHA guidelines, the following is said about studies conducted by Poldermans:
"If nonretracted DECREASE publications and/or other derivative studies by Poldermans are relevant to the topic, they can only be cited in the text with a comment about the finding compared with the current recommendation but should not form the basis of that recommendation or be used as a reference for the recommendation." 11
Nonetheless, references are made without clear comments. Given the confirmation of problems in the DECREASE-I and DECREASE-IV trials in our results, it stresses that there is reason to distrust trials by Poldermans. For the integrity of the guidelines and the safety of the patients, we pose that investigations should be initiated into works where Poldermans was involved and which were not cleared by the scientific committees of Erasmus MC in their misconduct investigations. In particular those papers cited as evidence in the ACC/AHA guidelines should be investigated, considering that they affect patients and their treatment directly.
Previously, further investigation of trials by Poldermans was deemed unfeasible due to the lack of raw data; here we indicate methods that do make it feasible. Based on just event-count data and trials that supposedly investigate the same effect, we were able to estimate whether part of the data were in fact manipulated and whether the results were within reason of trials investigating the same effect. The results clearly indicated they were not within such reason.
The results of our analyses also highlight that, despite the lack of raw data availability, summary results from larger samples allow for more precise estimates of the number of manipulated data points when similar trials are available. Moreover, larger trials result in relatively more certainty (e.g., DECREASE-IV) about the estimated number of manipulated data points, when using the inversion method, compared to smaller trials (e.g., DECREASE-I). This increased certainty is due to decreased standard errors of the estimated effects, resulting in higher sensitivity to data anomalies. Nonetheless, much residual uncertainty remains and simply less information is available in summary results when compared to raw data. As such, raw data availability would improve the options open to detect potential anomalies (note: raw data are available for DECREASE VI, but upon a freedom of information request by the first author, Erasmus MC refused to share these data; see osf.io/zv953/ for original Dutch correspondence). The results also highlight that in order to prevent detection, it would be in the manipulator's interest to fabricate small and imprecise studies (assuming the manipulator wants to remain undetected), which ultimately detracts from the scientific value of such a study and hence the individual reward for manipulation through reduced impact (hopefully).
With respect to clinical practice, the results provide some tentative evidence that type of beta-blockade can severely influence perioperative mortality. Our reanalysis of the Bouri et al. 9 data indicates that type of beta-blockade can reverse the effect on perioperative mortality, even after taking into account whether a study belongs to the DECREASE family. As such, atenolol seems to tentatively decrease perioperative mortality, whereas the others (metoprolol, propranolol, bisoprolol) increase perioperative mortality. However, there seems to be covariation with respect to treatment administration, duration, and dose, which further confounds whether the treatment effect is due to type of beta-blocker or due to one of these other parameters. There are too few studies (k = 11) to properly discern the various treatments from each other, requiring a new randomized trial with high statistical power to determine moderating factors (if any). This affirms the statement from the ESC/ESA guidelines that "high priority needs to be given to new randomized clinical trials to better identify which patients derive benefit from beta-blocker therapy in the perioperative setting, and to determine the optimal method of beta-blockade" 22 .
Moreover, the DECREASE and non-DECREASE trials seem to apply beta-blockade from different conceptual viewpoints that could confound the effectiveness of beta-blockade. The non-DECREASE trials seem to focus purely on the application of beta-blockers in itself, whereas the DECREASE trials use beta-blockade as a proxy to decrease resting heart rate 2,3 . As such, the DECREASE studies applied beta-blockade at least a week in advance, specifically in order to lower patient's resting heart rate to <70BPM and potentially habituate the patient to the effects of the beta-blockade. Other studies apply the beta-blockade just prior to the surgery (maximum: one day prior), and therefore seem to regard the treatment specifically and not the proxy of lowered BPM. As such, the differences between the DECREASE and non-DECREASE trials might also in part be a consequence of the different approaches in the various trials. Whether these differences matter in treatment decisions is worthy of further research in a clinical trial with high statistical power to find such differences.
In summary, our research indicates that the DECREASE trials are nearly impossible if we assume they investigate exactly the same effect as the non-DECREASE trials and, under that assumption, our results provide some evidence that at least some data points were manipulated. However, these differences might also be due to different conceptual approaches as to how beta-blockade might prevent mortality in non-cardiac surgery. We recommend renewed investigations into Poldermans' work given these findings -especially those works still referenced by guidelines on the use of beta-blockers without proper notice. Moreover, it remains unclear whether beta-blockers might be effective in preventing mortality rates in non-cardiac surgery patients. Considering this, we
Stephen Senn
Statistical Consultant, Edinburgh, UK An initial observation as regards my review is that I am unfamiliar with the background to this story and I have reviewed this paper only. The authors make a number of claims regarding facts that could probably be checked by reading some of the references. I have not done this. My comments are limited to the internal logic of the paper only.
Whether or not one agrees with the conclusions, this is an interesting investigation. I have some reservations as regards emphasis in the conclusions, which I shall explain in due course, but first I shall explain why statisticians with my background may have a slightly different point of view to the authors.
Since the time in which I worked in the pharmaceutical industry (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) , I have been interested in drug regulatory science. An attitude that (rightly or wrongly) is accepted as being the norm in both sides of the regularity divide is that evidence of efficacy for one drug in a class cannot (usually) be used as evidence of efficacy of another. In fact, so strong is this point of view that when it is sought to use the proof of efficacy of one formulation for another, proof of equivalence is required. Thus, not only is it the case that different molecules cannot be regarded as having the same efficacy, this carries over to doses and formulations. Some, no doubt, will see this as a conspiracy to inhibit generic competition. However, during my own time in drug development I twice worked on alternative formulations (that is to say developed by the innovator company) that had to be abandoned. In one case a clinical trial of the new formulation revealed it had one quarter the potency of the existing formulation .
This 'no pooling of products' attitude also holds for ' safety. For different formulation 'proof' of proving' equivalence would be required and for different molecules usually a whole new programme. (Biosimilars might be a controversial exception.) However, regulators do generally consider that observed safety problems in one molecule in a class create a potential concern. The FDA's attitude as regards development of treatments in diabetes, partly as a response to Nissen and Wolski's meta-analysis of rosiglitazone, is a case in point .
Thus, there is a general aversion in drug-development and regulation, not necessarily shared by the evidence-based medicine movement, to pooling different molecules in a meta-analysis. Nevertheless, I consider that such pooling is legitimate for one purpose, namely that of testing the hypothesis that no drug 1 2 1.
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3.
4.
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consider that such pooling is legitimate for one purpose, namely that of testing the hypothesis that no drug has the effect being studied. If this is adopted as a null hypothesis and a fixed in among those pooled effect analysis suggests the null hypothesis should be rejected, then the hypothesis to assert becomes the hypothesis that at least one drug in the class has an effect. (See my paper on overstating evidence p3. ) Further investigations are then necessary to determine what the practical implications of this are, but asserting the alternative hypothesis that all drugs have an effect is clearly not warranted.
In fact, I can put it cynically like this. We seem to live in an era in which everyone believes in personalised medicine (thus in patient by treatment ) but we are unconcerned about the differences between interaction the of treatment. main effects However, a further consequence of my time in the pharmaceutical industry, is that I share a general mistrust of investigator led-trials (with some notable exceptions). The fact that previously, raw data from pharmaceutical trials were not shared with the wider public, has been the subject of much criticism. Nevertheless, such trials examined by the regulator and this, in my opinion, has done much to were improve the quality of pharmaceutical industry trials. Without such external scrutiny the danger is that independent trials may suffer in quality.
I now come to my specific comments.
It is clear from the authors' paper that in the meta-analysis different drugs are pooled. This implies that one explanation that should not be dismissed , is on the basis of the statistical analysis alone that the effects vary from treatment to treatment in the class. To be fair to the authors, they do discuss this in more than one place but I feel that they do not appreciate fully the reservations that apply generally to pooling drugs. Again, to be fair, they do provide the extremely helpful table 2, which provides an analysis by table. It would be nice to see, just to complete the picture, if there is a connected network, what a network meta-analysis would show. (If there is not a connected network then this must be that the problem with the different experimental treatments also applies to the controls.) For example, this would permit formal comparison of different drugs. Again, it should be noted that the authors do include what might be regarded as a sort of network analysis, however, all other treatments are lumped together and this suffers from a problem discussed in point 4 below. I am not suggesting that the authors need to do this analysis (it could a be task for future work), I am just suggesting that the fact that this has not been done is a limitation that needs to be reflected in the discussion.
By the same token, this means that it would be highly debatable anyway, irrespective of any particular doubts about the reliability of the DECREASE I & IV trials, to use these as proof of efficacy of beta-blockade generally. Again, to be fair to the authors, they do suggest that more trials are needed.
However, if the data from the DECREASE I & IV trials have not been audited, then in my opinion nobody is obliged to accept the results anyway. Checkability is the standard by which claims should be judged.
I have some reservations regarding the use of the one degree of freedom chi-square tests in step 1. It should be appreciated that the analysis is one that is strictly speaking only valid if pre-specified without any access to results. It is not an analysis that is valid when comparing observed extreme results with others . I did not understand the argument in the last paragraph of Step 3. This is probably just due to my 3 4 5. I did not understand the argument in the last paragraph of Step 3. This is probably just due to my being obtuse. The robustness of the results and the implication of the results, if true, seemed to me to get mixed up. However, these comments do not alter my opinion that this is an interesting paper.
The paper by Hartgerink et al. sought to determine whether or not there is evidence for data manipulation in the DECREASE-I and Decrease-IV trials. First, the authors reproduced the results of a previous meta-analysis from Bouri et al., using raw event data to calculate the ln(relative risk) and its standard error. Next, they modeled the probability that the results from the DECREASE trials could have occurred from the effect distribution of the non-DECREASE trials. Finally, by creating simulated datasets that were subsequently manipulated they determined the probability that the likelihood of the manipulated data (DECREASE meta-analytic effect distribution) is larger than the likelihood of the genuine data (non-DECREASE meta-analytic effect distribution).
Even though the motivating case for the paper is the questioned reliability of the data within the DECREASE trials that tries to answer a very concrete clinical question (should we use perioperatively use beta blockers to reduce mortality?), the paper ultimately tries to answer a question that is much broader: can we use forensics statistics even when individual data records are not available. In our opinion, the authors succeeded in part to answer that underlying question.
General Comments:
Some circular reasoning in step 2, In step 2 the authors provide clear evidence that the results of the DECREASE trials are quite unlikely, however, they employ some circular reasoning in their argumentation. Because we know the DECREASE values are extreme, when a p-value is calculated for the DECREASE effect is calculated based off of the non-DECREASE effect distribution it will of course be very small. The results of this approach are methodically sound but suffer from circular reasoning and do not seem to add much to the goal of determining whether data manipulation occurred. Although this step might be useful to help ease the reader into the following steps, the limited added value of these analyses should be recognized.
Robustness of approach In
Step 3, the combination of adding simulated datasets with a likelihood calculation is an interesting approach to try to determine data manipulation when only summary statistics are available. In the second paragraph of the methods, when describing the inversion method, the authors say "We assumed that if data are manipulated, each data point is manipulated in the same way and to the same extent." We have a feeling that this is a very strong assumption that is likely not to hold true and might drive the results. An exploration of the robustness, in text or analyses, could help strengthen the argument for the approach the authors apply. Additionally, since the DECREASE-IV trials have approximately 10x the sample size as DECREASE-I we expected a reduction in the confidence interval, yet the confidence interval still spans almost the entire range. Further deliberations on this phenomenon would help the reader understand the robustness of the applied technique.
Interpretation of results. In general, the results show that the data simulation does not give a lot of precision when it comes to pinpointing the number of manipulated datapoints. In some sense, and as also described by the authors, this is also not needed as the lower boundary of the confidence interval of manipulated datapoints should always include 0. In fact, the authors claim that "there is a high degree of confidence that data manipulation did occur based on the difference of the trial results alone". We do follow that reasoning, but do not fully understand why the authors adhere so much to the difference between the results of the two trials. There does not seem to be a material difference in the 95% confidence intervals between DECREASE-I and DECREASE-IV
